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A method for single cell DNA measurem ents by flow 
cytometry based on a technique successfully used for the 
haDlster cheek pouch epithelium was extended for stud-
ies on human e pidermis. A least squares estimation pro-
cedure was used fOl' the statistical analysis of the ini t ially 
obtained DNA frequency distribution. 
In 14 specimens of abdominal skin from a young 
healthy female the percentages of epidermal cells with 
an S-phase DNA content w ere 3.0 ± 0.6 (SD), and the 
percentages of epidermal cells with a G 2 +M phase DNA 
content 1.1 ± 0.1 (SD). 
No significant differences in values w er e found for 
specimens investigated in different experiments. No in-
fluence of tissue storage time for a maximum of 32 days 
in liquid nitrogen was discernible. Values from the cor-
responding del'mal tissue were significantly more vari-
able then the epid e rmal values, but the levels were of the 
sallIe magnitude. It is concluded that this technique used 
for human epidermis yields sufficient stable and accu-
rate estimates of Sand G2 +M fractions that it should be 
a valuable tool u seful as an alternative or a supplement 
to conventional cell kinetic m ethods. 
Flow cytometry allows a rapid quantitation of physical and 
biochemical properties of individual ceIJs or ceIJ components in 
a s ingle par ticle suspension. Using a laminar sheath fl ow tech-
nique, the particles individually are brought to traverse a light 
beam of an appropriate wave-length and the scattering of light 
and the po sible fluorescence is registrated. For DNA measure-
mE>nts the DNA is spec ifically stained by a fluorochrome such 
as ethidiumbromide and excitated at 488 nm in an argon laser 
beam. The t1uorescence in tensity of the light emitted from each 
nucleus thus quantitatively refl ects the ~mount of D NA [1]. 
M easm ements of individua l cell DNA content by flow cytom-
etry on suspensions from different t issues have in recent yea rs 
proved to be a valuable supplement to conventional cell kinetic 
methods. The necessity for single particle suspensions has 
d e layed the employment of t1 0w cytometry in dermatology as 
an a dequate technique fo], ruptming of the firm bonds between 
the epidermal cell s withou t selective cell loss has been lacking. 
M ethods for DNA measm ements by flow cytometry have 
been elaborated for use in animal keratinizing squamous epi-
th e lia [2, 3]. For the hamster cheek pouch epi thelium M~ll e r 
a nd Larsen have developed a technique 1'0], preparation of 
suspensions of single nuclei wh ich gives reproducible resul ts in 
DN A flow cytometry [3, 4]. 
In this paper we describe a procedure for DNA flow cytom-
etry applied on normal human epidermis and evaluate the 
usefulness of the method including the statistical procedlll'e 
used for statistical analysis-deconvolu tion-of the DNA-fl'e-
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quency distribu tion. T he methodological enol's are estimated 
and basic methodologica l data necessary for future app lication 
of DNA flow cytometry in dermatology are presented. To the 
best of our knowledge only a single group has reported studies 
on normal-and psoriatic-human ep idermis by DNA flow 
cytometry [5-7]. 
MATERIALS AND METHODS 
Normal a bdomina l skin was removed surgically during universal 
anesthesia from a 26-yr-old hea lthy fema le fo r cosmetic reasons. Im-
mediate ly a fter removal the cutaneous t issue was placed in 1% acetic 
ac id. Less than 1 hI' afte r removal 14 pieces each measuring approxi-
ma tely I cm2 were cut out., and placed sepa ra tely in I % acetic ac id . 
Seven specimens were prepared a nd measured simul taneously by fl ow 
cytometry, whereas the remaining 7 specimens were a na lyzed subse-
quent ly at diffe ren t. times in order to estimate t.he int er- and in traassay 
variat ion. 
T he t issue preparation consist.ed of t.he fo ll owing st.eps: 
I . Separation of the ent ire epidermis from dermis-possible after 
storage in I % acetic ac id for 24 to 72 hI'. 
2. Storage of t.he tissue in liquid ni t rogen- in th is study not more 
than for 32 days. 
3. Separ ation of t.he ce lls by treatment wit.h dithiotreitol a nd ultra-
sonicat.ion. 
4. Sta ining of the resul ting single nuclei suspension in e thidium 
bromide aft.er incubation with RNA-ase. 
Tissue prepa ra tion a nd measurement by fl ow cytometry is previously 
described in deta i.! [3,41-
Fur t.hermore the isolated dermal tissue specimens underlying t.he 14 
pieces of epidermis were prepared parallell.v a nd measured b.v flow 
cyt.ometry for t.he evaluat.ion of pot.entia l errors from dermis contami-
nating t he epidermal t issue. The DNA content of the individual nuclei 
. was measured in the fl ow cytometer (cytoflu orograph, Bio Physics 
System Inc., T.vpe 4802A and G300A) a nd the DNA freq uency dist.ri-
bution for each sample recorded as a histogram. T he analysis of an 
epiderma l sample was topped when approx imat.e ly 100,000 nuclei were 
measu red as furt.her analysis not yie lded addit ional informal ion. For 
derm is only about 40,000 cells were count ed and measured in the fl ow 
cytometer per 2 , pecimens of approximately 1 cm2 each. Th e DNA 
histogra ms were st.atist ica lly analyzed-deconvoluteci- in order to ob-
t.a in the fraction of ce lls with Sand G2 +M phase DNA cont ent using a 
variation of a leas t squa res es t imat. ion procedure as describeci previ-
ously [8]. 
The assumptions of this estimat ion proceciure a re: 
1. T he 4 phase ce ll cycle model. 
2. The measuremen t errol' is normally distributed. 
3. The coe fficient of varia t ion is lineal' with respect to ON A-content. 
4. T he S-phase densit.y can be described by a po l~' nol1li a l of fixed 
degree. 
The par a meters of the leasl squares proced urc a re: 
I. T he mean flu orescence int ensity for cells with G, and G2+M 
DNA-content. 
2. T he coefficient of the polynom ia l desc ri bing the dist ribut ion of 
ce lls with S-ONA-contenl. 
3. The coeffic ient of the variat ion of cells wit h G 1 ON A-content. 
4. The linear rclationship bet ween t he coefficient of variat ion of ce lls 
with a differ ing DNA content. which measures the dec rease oUhe 
coe ffici ent of variation with increasing DNA conlent . 
5. T he fract.ion of cells with I, and G!+M DNA-content. 
The opt imiza t ion crit e rioll is least squares. T he est imat ion proced ure 
developed to impl ement this model a llows any combinati on of param-
eters to be e t illlated leaving the remaining fix ed. For hu man epide rmis 
the fo llowing par ameters we re fixed. 
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1. The degree of the polynomial describing the 8-phase was set to 
zero, as higher degree polynomials resulted in unreliable estimates 
due to artifacts which could not be eliminated. 
2. The ratio of the coeffici ent of variation of cells with G2+M DNA-
content to that of cells with G, DNA-content was set to O.S 
consistent with impirical evidence. This parameter is strongly 
correlated to other parameLers so that its estimation from the 
data can yield less precise estimates. 
T he remaining parameters, that is the mean f:1uorescence intensity 
of cells with G, and Gz+M content, the coefficient of variation of cells 
with G, DNA-content and the fractions of cells wi th G" 8 and G2+M 
DNA-content are then estimated by a least squares procedure. 
RESULTS 
The deconvolu tion by means of the least squares estimation 
procedure of a DNA frequency distribution histogram is visu-
alized in Fig 1. Table I summarizes the combined inter- and 
intraassay variation values for the Sand G2+ M fractions for 
epidermis and dermis as estimated by the least squares proce-
dure. A possible influence of storage time on the epidermal 
tissue was investigated, and the in tra- and interassay variations 
were compared via regression analyses as shown in Table II for 
the S-fyaction . 
It may safely be assumed that t here is no significant influence 
of storage time and that the inter- a nd intra-assay variations 
are comparable (Fig 2). An overall estim ate of the variance of 
the procedures is given in the last line of the s2-column of the 
table. 
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F IG 1. The deconvolu tion of a DNA histogram from human epider-
mis by a least squares estimaLion procedure. The abscissa indicates 
the fluorescence intensity paralleling the DNA content of each cell. 
T he first max imum indicates cells with G, DNA-content (2c) and the 
second cells with Gz+ M DN A-content (4c). The upper solid line at the 
right represents a tenfold magnification of the cell number. The area 
below the dolled line at the lefL represents a tenfold magn ification of 
the estimated number of cells with 8 DNA-content (from 2 to 4 cDNA), 
and the area below the dOl ted line at the right a tenfold magnification 
of the estimated number of ce lls with G,+ M DNA content (4c). 
TABL" 1. Meth.odological variation for DNA m.easurement by flow 
cytometry of human shill. 
8-fract ion (% of 
nucleated 
cells) 
Gz + M fract ion 
(o/n of nu-
cleated cells) 
Mean 
Range 
Mean 
Range 
Epide rmis 
(14 specimens) 
3.0 ± 0.6 (8D) 
2.0 - 4. 1 
1.1 ± 0. 1 (80) 
0.9 - l.4 
Dermis 
(7 specimens) 
2.7 ± 0.7 
(80) 
1.S - 3.7 
1.2 ± 0.3 
(80) 
0.7 - l.6 
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TABLE II . R egression analysis of S-(ra.ction a.gainst storage lime 
Residual 
Around line 
Line 
Total 
4 
S-fraction 
0'0 
• 
Degrees S um of 
of 
freedom squares 
6 .960 
6 2.516 
12 3.476 
1 .673 
13 4.149 
3 ~---ll 
2 • 
o 10 
Mean 
square 
.J 60 
.419 
.290 
.673 
.319 
• 
20 
Variance Proba-
rat.io bility 
2.62 .OS 
2.32 
.10 
• 
• 
•• 
30 
STORAGE TIME IN DAYS 
FIG 2. 8-fraction values for 14 specimens of human epidermis as 
measW'ed by DNA flow cytometry. 8even of the specimens are mea-
sured separaLely, 7 simultaneously (sLorage day 16 ). No statistically 
significant influence on values of storage time. 
Analogous results were found for the G, a nd G2+M fractions 
of epidermis. 
The values for epidermis were compared to the corresponding 
dermis. No systematic difference was seen , but the dermis 
values were significantly more variable. 
The measuremen t uncertainty, based on both epidermis and 
dermis may thus be computed as the simple standard deviation 
between the 21 measurements. The values are for G 1 .63, .63 for 
Sand .21 for G2+M while the corresponding values for the 
isolated epidermis are .54 for G I, .57 for Sand .14 for G~+M, 
the values still expressed as percentage of total number nu-
cleated cells measured. 
DISCUSSION AND CON CLUSIO NS 
DNA flow cytometrical measurements of human epidermis 
according to this procedure yielded rep roducible values for the 
Sand G2+ M fractions. 
The suspension of single nuclei measured by tlow cytometry 
is prepared from the entire epidermis, and the single nuclei 
suspension prepared from normal ep idermal tissue contains 
epidermal nuclei exclusively. No blood cells from the skin 
removal procedure are left on the tissue after the acetic acid 
treatm ent, nor any derma l cells as the dermis is peeled off 
completely intact [3, 4]. However, under pathological condi t ions 
e.g. malignan t epidermal tumors, dermis and epidermis may be 
inseparable. The present study indicates, that on ly a few nuclei 
are harvested from the dermal tissue and that a potential 
conta mination to normal epidermis from dermis not appear to 
be important to the values, even if it may contribute to a lesser 
accw'acy of the results. The nonselectivi ty of the prepamtion 
procedure with respect to t he different layers of epidermis and 
different phases in the cell-cycle has previously been demon-
strated on the keratinizing squamous epithelium in the hamster 
cheek pouch [3, 9]. In these studies the diurnal variations in 
the fraction of cells with S-phase DNA content (between 2 and 
4 cDNA) paralleled the variation in the la beling index and the 
diurnal variation in the fraction of cells with G2+M DNA-
content (4 cDNA) parallelled t he mitotic index variation the 
influence ofthe G2-fraction taken into account [9]. In comparing 
the :)HTdR labeling index-values with the size of t he S- fi'action 
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it must be emphasized that labeling of cells requires active 
DNA synthesis and per se includes a time factor, as very slowly 
DNA synthesizing cells may not take up enough "HTdR-thy-
midine to be counted as labeled. Discrepancy between the s ize 
of t h e labeling index and the S-fraction seems especially sig-
nificant for slow-proliferating tissue. For mouse skin current 
evid ence suggests that S-fraction values under normal circum-
stances are considerably higher than the corresponding labeling 
index, whereas the values in stimulated skin are more equal, 
possibly an indication for a speeding up of the DNA-synthesis 
[2]. It must be remembered that in the present study both t he 
differentiated and the proliferating cells con tribute to the re-
sults. As the differentiated cells in normal skin have a 2 cDNA-
content [10] t he 2c fraction contains both t he differentiated 
cells and t he G, phase cells in t he proliferating compartment. 
In human epidermis measurements of all cell layers might be 
superior to measmements restricted to basal layer cells as in 
general only a part of the mitoses and t he :)HTdR-uptak ing 
cells can be found in t he basal layer. Much effort has been 
made in recent years to develope methods for discerning the 
proliferating cells li'om the differentiated cells in epidermis. 
However , this problem and the connected problems of an 
estimation ofthe growth {i'action has not been solved. Therefore 
we find it quite satisfactory to deal with figures for Sand G2+M 
fractio ns as a percentage of nucleated epidermal cells. 
In comparing the present method for DNA measurements of 
keratinizing epithelia by flo w cytometry with the methods of 
others, it should be poin ted out that t he method we use pre-
serves the mitoses in contrast to the methods which involves 
an enzymatic separation of cells and that the dermal tissue is 
removed from the specin1en prior to the prepaj'ation of the 
suspension of single nuclei. Using flow cytometry following 
enzymatic separation of human skin, Bauer et ai, in 1977 for 
the S-fTaction reported values of 3.6 ± 0.3 and for the G2+M 
fractio n 2.4 ± 0.4 (percentages of viable cells, probably in skin 
from different individuals) [7]. For the :)HTdR labeling index in 
human skin the values reported in the li terature partly are 
obtained by in vivo and partly by in vitro techniques and the 
results indicate some val'iabili ty with most mean values from 
2-5, expressed as percentages of viable cells in some studies, of 
basal cells in other [11 , 15]. 
The advantages of using DNA flow cytometry measurements 
for the estimation of human epidermal cell proliferation are 
obvious: the technique represents an in vivo method, it is rapid 
and neither isotopes nor drugs with adverse influence on cell 
cycle nor time consuming mitotic countings are necessary. Thus 
DNA fl ow cytometry must be considered as a useful in vivo 
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technique for measuring alternative or supplementary cell ki-
netic parameters, a technique which can be ap plied in a wide 
variety of skin diseases characterized by abnormal cell prolif-
eration. 
Niels Keiding, Statistica l Resear ch Unit, Danish Medical a nd Social 
Sciences Research Councils, performed the statistical evaluation of the 
variability of the estimated cell cycle parameters. 
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